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© A semiconductor device having an excellent mi- 
gration resistance, a long life, and a shorter .delay in 
its inner wiring, and a method for manufacturing 
such a device. Copper wire the width of which is 
smaller than 1 urn and the grain size of which is 
more than ten times the wiring width is partly used. 
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Technical Field 

The present invention relates to a semiconduc- 
tor device and a manufacturing method therefor, 
and in particular, relates to a semiconductor device 
which is applicable to ultra-LSI processes, as well 
as to a manufacturing method therefor. 

Background Art 

Conventionally, aluminum or aluminum alloys 
were used as the wiring material for semiconductor 
elements. In manufacturing processes for alumi- 
num wiring, a vacuum evaporation method was 
employed in which, in the presence of a strong 
vacuum, aJuminum was vaporized by heating and 
caused to be deposited on a wafer. Aluminum is 
low in cost and has a low melting point, so that it is 
easily handled and finds many applications as a 
wiring material. 

Furthermore, techniques were known in which 
aluminum alloys were used as wiring material. Ex- 
amples of such aluminum alloys are aluminum- 
silicon, aluminum-silicon-copper, and the like, and 
in the manufacturing process therefor, a sputtering 
method was employed in which atoms which were 
abraded from a target by means of high-speed 
particles in a plasma were deposited on a wafer. In 
comparison with aluminum, the service life of alu- 
minum alloy wiring is somewhat longer, and such 
wiring is stable with respect to heat processing, so 
that such aluminum alloys have come to be used in 
concert with aluminum as wiring materials. 

Next, the difficulties encountered when em- 
ploying aluminum or aluminum alloys as wiring in 
the conventional manner will be explained. 

With respect to the service life of the wiring, 
disconnection resulting from electromigration pre- 
sented a large problem. This is a phenomenon in 
which momentum transfer occurs between elec- 
trons and atoms when electricity is caused to flow 
through wiring, and atoms migrate in the direction 
of electron flow. When the electron density in the 
wiring increases, localized voids appear in which 
atoms are exhausted and disconnections occur, or 
localized hillocks are formed at points at which 
atoms are concentrated. 

When the aluminum or aluminum alloys com- 
prising conventional wiring materials were em- 
ployed, it was necessary to employ a maximum 
current value of only 5.6 x 10 s A/cm 2 in order to 
ensure a wiring service life of 10 years. However, 
in accordance with the increase in minuteness and 
speed of the semiconductor elements, if aluminum 
or aluminum alloy having, for example, a wiring 
width of 0.5 urn, and a wiring length of 100 m 
(resistivity: 3 x 10~ 6 Q»cm) was employed, the 
current density reached a maximum value of 1 x 
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10* A/cm 2 or more. In wiring using aluminum or 
aluminum alloy as a material therefor, the reliability 
thereof was extremely low when the wiring width 
was 1 um or less. 

5 In Fig. 10, the relationship between response 

delay and the degree of minuteness in MOSLSI 
employing aluminum or aluminum alloy as a wiring 
material is shown. In concert with the increase in 
minuteness of MOSLSI, while the gate delay is 

io reduced, the inner wiring delay is increased. In 
concert with the increase in LSI of the semiconduc- 
tor elements, and the increase in the chip surface 
area, the wiring resistance, which is a primary 
cause of the inner wiring delay, is high when alu- 

is minum or aluminum alloy is employed, and this 
brings about a deterioration in the semiconductor 
element characteristics. 

Furthermore, when aluminum or aluminum al- 
loy is subjected to minute working using a pho- 

20 tolithography technique, the reflectance of alumi- 
num or aluminum alloy with respect, for example, 
to light having a wavelength of 436 nm is equal to 
or greater than 90%, and the light absorption at the 
boundary with the resist is increased, so that this 

25 leads to resist pattern deficiencies. 

Fig. 11 is an electron micrograph showing a 
0.6 urn positive-type photoresist pattern formed on 
an aluminum substrate. Pattern thinning occurs at 
the boundary between the aluminum substrate and 

30 the resist, and the pattern breaks down. 

Furthermore, Fig. 12 shows the mechanism of 
the generation of a ghost pattern which is observed 
in lithography processes during the formation of 
multi-layer wiring. An aluminum first wiring 1202 is 

35 formed above polycrystailine silicon 1201, so that a 
structure having step separation is formed. An in- 
sulating film 1203 such as a silicon oxide film or 
the like which is completely flat is present directly 
above first wiring 1202, and furthermore, above 

40 this, a photoresist 1204 is formed. When an ul- 
traviolet light 1205 is shone onto the photoresist at 
a predetermined position in order to connect the 
first wiring 1202 and the second wiring, this ul- 
traviolet light 1205 penetrates resist 1204 and the 

45 insulating film 1203, and is reflected at the surface 
of the aluminum of first wiring 1202. When insulat- 
ing film 1203 is subjected to etching in the course 
of the lithography process, in addition to the veer 
hole 1206 which was originally intended to be 

so formed, an unnecessary veer hole 1207 is also 
formed. 

In this manner, in aluminum substrates pos- 
sessing a step separation, a pattern movement 
transfer phenomenon frequently occurs as a result 
55 of the mirror effect at the step separation. Pres- 
ently, types of resists which prevent reflection are 
employed; however, the use of such types of re- 
sists which prevent reflection increase the com- 
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plexity of the lithography process, so that the use 
thereof is not preferable. Furthermore, in develop- 
ing processes in which a strongly alkaline solution 
is used, the aluminum or aluminum alloy is dis- 
solved in the developing fluid at a rate of a few 
tens of nm/min. Accordingly, in photolithography 
techniques, highly precise minute working is dif- 
ficult when aluminum or aluminum alloy are em- 
ployed. 

Disclosure of the Invention 

A first essential feature of the present invention 
resides in a semiconductor device, characterized in 
that copper wiring having a wiring width of 1 urn or 
less, and having a grain size which is ten or more 
times greater than the wiring width, is employed in 
at least a portion thereof. 

A second essential feature of the present in- 
vention resides in a semiconductor device, char- 
acterized in that copper wiring having a wiring 
width of 0.5 urn or less, and having a grain size 
twenty or more times greater than the wiring width, 
is employed in at least a portion thereof. 

A third essential feature of the present inven- 
tion resides in a manufacturing method for semi- 
conductor devices, characterized in comprising a 
process for forming at least one insulating film on 
the surface of a semiconductor substrate, a pro- 
cess for forming a thin copper film on this insulat- 
ing film while irradiating the surface thereof with 
low energy ions, a process for conducting heat 
treatment at a temperature of 1 80 • C or more, a 
process for applying a photosensitive material on 
the thin copper film, and a process for irradiating 
pre-specified regions on the photosensitive material 
with ultraviolet light. 

In the present invention, the energy of the ions 
irradiated onto the surface is within a range of 10- 
120 eV; however, a range of 80-120 eV is prefer- 
able. At an energy of less than 10 eV, the grain 
size does not become e>ctremely large even after 
the subsequent heat treatment. 

Furthermore, the heat treatment is conducted 
at a temperature of 180*C or more. At a tempera- 
ture of less than 180*C, almost no grain growth 
occurs. 

Brief Description of the Drawings 

Fig. 1 is a schematic view of an RF-DC bias 
sputtering apparatus. 

Fig. 2 is an image of the surface of a copper 
thin film after the heat treatment thereof was con- 
ducted at a temperature of 450 * C and for a period 
of 30 minutes. 

Fig. 3 is a diagram showing a measurement 
system used in the evaluation of electromigration. 



Fig. 4 is a diagram showing the activation 
energy of each wiring. 

Fig. 5 is a diagram showing the dependency of 
the resistivity of each wiring material on tempera- 
5 ture. 

Fig. 6 is a diagram showing the relationship 
between resistivity and grain size. 

Fig. 7 is an explanatory diagram of a method of 
evaluation of the rate of incidence of resist pattern 
io deficiencies. 

Fig. 8 is a diagram showing the dependency of 
the rate of incidence of pattern deficiencies on 
pattern width- 
Fig. 9 is an image of an isolated resist pattern 
75 formed on a copper substrate. 

Fig. 10 is a diagram showing the relationship 
between the response delay in MOSLSI and the 
increase in minuteness thereof. 

Fig. 11 is an image of a positive-type photores- 
20 ist pattern formed on an aluminum substrate. 

Fig. 12 is a diagram showing the mechanism of 
ghost pattern generation. 

(Description of the References) 
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B st Mode for Carrying Out the Invention 

55 (Embodiment 1) 

A first embodiment of the present invention will 
be explained using Figs. 1 through 4. 
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In the present invention shown in Fig. 1, a 
schematic diagram of a RF-DC bond bias sputter- 
ing apparatus, having as a characteristic feature 
thereof a low energy ion irradiation process which 
is employed in the formation of a thin copper film, 
is shown. The present apparatus comprises a 
chamber 101 and a copper target 102 in the inte- 
rior thereof, a sample 103 which is disposed par- 
allel to this, a gas inlet 104, and a vacuum exhaust 
system 105. 

Furthermore, the RF power source which is 
employed in plasma discharge is connected to 
target 102 via a matching circuit 106. The potential 
of th target 102 and the sample 103 can be 
independently controlled via low pass filter 107. It 
is possible to control the ion energy irradiated onto 
the sample 103 by means of the DC power source 
108 which is connected to sample 103, and the 
rate of film formation can be controlled by means 
of the DC power source 108 which is connected to 
target 102. 

Vacuum exhaust system 105 comprises an oil- 
free turbo-molecular pump and a dry pump, and is 
capable of achieving an ultra-high vacuum within 
chamber 101 having a vacuum degree on a level of 
10" 10 . Furthermore, sample 103 comprises, for ex- 
ample, Si. but other substrates may be employed. 
Argon gas of extremely high purity, for example, is 
supplied from gas inlet 104. 

Fig. 2 is an image of the surface of a copper 
thin film formed by means of the present apparatus 
after heat treatment at a temperature of 450 * C and 
for a period of 30 minutes; Fig. 2(b) is an enlarged 
image of Fig. 2(a). The film formation is conducted 
under the following conditions. 

AR pressure: 3 mTorr 

High frequency: 100 MHz 

High frequency power: 30 W 

Target bias: -1 50 - 450 V 

Substrate bias: + 20 - -80 V 

Thickness of deposited film: 1 urn 

It was determined that by means of heat treat- 
ment at a temperature of 450 • C and for a period of 
30 minutes, the grain size grew to a size of 50 am 
or more. By means of the above apparatus, copper 
wiring and conventional aluminum or aluminum al- 
loy wiring were formed, and the resistance to elec- 
tromigration in these wirings was compared. 

Fig. 3 shows a measurement system used in 
the evaluation of this electromigration. 

A direct current ammeter 304 and a direct 
current volt meter 305, which are connected in 
series to direct current power source 303, are 
connected to sample 301 via pads 302, and these 
are controlled by computer 306. At a high tempera- 
ture on the level of 100 *C, a large current stress of 
10 7 A/cm 2 was applied to the wiring for one cycle, 
and the point in time at which the amount of 



increase in the resistance at normal temperatures 
reached 5% was determined to be the service life 
of the wiring. 

As a result, when a current of an identical size 

5 was passed through copper wiring possessing an 
extremely enlarged grain which was 10 or more 
times the wiring width as a result of heat treatment, 
it. was determined that service life during which 
migration resistance was exhibited could be guar- 

io anteed which was, at room temperature, within a 
range of 10 to 100 times that of aluminum-silicon- 
copper wiring, and furthermore, it was determined 
that if the same wiring service life were guaranteed, 
it would be possible to pass a current through the 

75 wiring which was greater by one to two decimal 
places than that conventionally possible. 

In Fig. 4, the activation energy of various wir- 
ings is shown. The greater the activation energy of 
the wiring, the longer the service life. In contrast to 

20 aluminum or aluminum alloy, which were the con- 
ventional wiring materials, the activation energy of 
copper wiring is large, and in particular, it was 
determined that copper wiring having an extremely 
large grain (Cu wiring (post-annealing)) possesses 

25 an activation energy which is two or more times, 
that of Al-Si-Cu wiring. 

Furthermore, at wiring widths of less than or 
equal to 0.5 urn, if the activation energy of the 
wiring is not greater than or equal to 1 eV, the 

30 wiring will not stably function for a period of 10 
years. It was determined from the relationship be- 
tween the activation energy of copper wiring and 
the grain size thereof that in order to obtain an 
activation energy of 1 eV, it is necessary to make 

35 the grain size 20 or more times the wiring width. It 
was confirmed that by using wiring having a wiring 
width of less than or equal to 1 um and a grain 
size of 10 or more times the wiring width, or by 
using copper wiring having a wiring width of 0.5 

40 um and a grain size 20 or more times the wiring 
width, the service life of the wiring is dramatically 
improved in comparison with that of conventional 
wiring. 

45 (Embodiment 2) 

A second embodiment of the present invention 
will be explained using Figs. 5 and 6. 

In the present embodiment, the apparatus 
so which is employed in the formation of the thin 
copper film, and the explanation of the details of 
the heat treatment, are identical to those of Em- 
bodiment 1, so that an explanation thereof will be 
omitted here. 

55 The copper wiring formed by means of the 

present apparatus and conventional aluminum or 
aluminum alloy wiring were used, and the resistivity 
thereof was measured and compared. 
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Fig. 5 shows the dependency of the resitivity of 
various wiring materials on temperature. At 

temperature, the resistivities of the various 
g materials are as follows: that of aluminum is 

un*cm, the resistivity of aluminum-silicon- 5 
er is 3.20 uB*cm, and the resistivity of copper 
72 ufl-cm, so that it is clear that the resistivity 
opper is the lowest. Furthermore, it was con- 
t'd that with respect to resistivities at the ex- 
sly low temperature of 12K, copper having an io 
>meiy enlarged grain as a result of heat treat- 
t has a resistivity which is reduced by 1.5 
nal places or more in comparison with that of 
inum-silicon-copper. 

r ig. 6 shows the relationship between the re- is 
ity of copper and the grain size thereof. Dur- 
ow temperature operation, an improvement in 
resistivity of copper was observed at grain 
; of 5 um or more. However, in light of mea- 
nent variation, it is clear that a grain size of 10 20 
or more is necessary in order to stably guar- 
3 the resistivity of the copper wiring at low 
eratures. That is to say. it is necessary that 
grain size be 10 or more times the wiring width 
e case of wiring having a width of 1 um, and a 25 
< size of 20 or more times the wiring width is 
ssary in the case of wiring having a width of 
am. When the wiring width in the present 
ition was 1 um or less, copper having a grain 
which was 10 times or more the wiring width 30 
used as the wiring material, a MOSLSI was 
jced, and this was operated at low tempera- 
it was determined that the inner wiring delay 
h was conventionally observed was improved, 
that no decline in the characteristics of the 35 
conductor elements occurred. 

;odiment 3). 

V third embodiment of the present invention 40 
oe explained using Figs. 7 through 10. 
The apparatus used in the formation of the thin 
jer film in the present invention, and the ex- 
=tion of the details of the heat treatment, are 
;cal to those in Embodiments 1 and 2 above, 45 
at an explanation thereof will be omitted here. 
\ resist pattern was formed by means of a 
olithographic technique on the thin copper film 
ed by means of the present apparatus, and on 
jnventional aluminum or aluminum alloy thin 50 
The rate of incidence of resist pattern defi- 
nes was compared. 

Fig. 7 relates to an evaluation method for the 
of incidence of resist pattern defects. A metal- 
iin film having a thickness of 1 um was formed 55 
n n-type (100) silicon substrate having a diam- 
of 5 inches, and furthermore, a positive type 
oresist layer having a thickness of 1.26 um 



was formed thereon. A test pattern 701 was ex- 
posed on the sample surface 702 for 100 shots, 1 
shot having a 5 mm target, by means of a demag- 
nification projection aligner. The test pattern 701 
was so disposed that the ratio between the lines 
704 and the space 705 of the photoresist pattern 
703 within a 5 mm target wa$ 1:1. For example, 
setting was conducted so that the total length of a 
resist pattern having a line width of 1 um was 50 
m. In the present embodiment, test patterns having 
a line width within a range of from 2 um to 0.3 um 
were prepared. After passing through exposure and 
wet development processes, the resist pattern was 
examined using a scanning electron microscope 
after spin cleaning. Resist patterns having at least 
one disconnection within a 5 mm target or within 
which pattern breakdown was observed were deter- 
mined to have pattern deficiencies. A 100-point 
measurement was conducted with respect to each 
sample, and a rate of incidence of pattern deficien- 
cies was determined. In Fig. 8, the dependency of 
the rate of incidence of pattern deficiencies on 
pattern width in various metallic substrates is 
shown. The rate of incidence of pattern deficiencies 
in aluminum or aluminum alloy substrates began to 
appear at wiring widths of 1 um, and at widths of 
0.5 um or less, a rate of incidence of deficiencies 
of 50% or more was observed. 

In contrast, with copper wiring, in the case in 
which heat treatment was not conducted, a rate of 
incidence of deficiencies was observed in patterns 
of less than 0.5 um. while in the case in which heat 
treatment was conducted and an extremely large 
grain was formed, no rate of incidence of deficien- 
cies was observed down to a size of 0.3 um. To 
consider the causes of this, in the case in which 
heat treatment is not conducted, the grain size of 
the copper is small, at 0.2*0.3 um, and as a result 
of reflection from the numerous grain boundaries, a 
rate of incidence of deficiencies is present at sizes 
of less than or equal to 0.5 um. Fig. 9 shows an 
isolated photoresist pattern of 0.6 um formed on a 
copper substrate. It was confirmed that resist thin- 
ning, which was observed at the substrate bound- 
ary surface on conventional aluminum substrates, 
did not occur. This phenomenon occurs because 
the reflectance of an aluminum or aluminum alloy 
substrate, with respect, for example, to light having 
a wavelength of 436 nm, is on the level of 90%, 
while the reflectance of a copper substrate is on 
the level of 50%, which is considered optimum for 
the exposure conditions. Furthermore, in the case 
in which copper wiring was employed as a first 
level wiring, the occurrence of ghost patterns in the 
resist as a resuft of step separation, which was 
observed in aluminum wiring or in aluminum alloys, 
did not occur, rt was learned that a highly precise 
resist pattern could be formed on a copper sub- 
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strate. In the case in which the designed wiring 
width was 1 um or less, it was confirmed that 
highly precise minute working can be conducted 
on a copper thin film possessing a grain size which 
is 10 or more times the wiring width, by means of 5 
photolithographic techniques. 

Industrial Applicability 

In accordance with the invention as stated in 70 
Claims 1 and 2, it is possible to provide a semicon- 
ductor device having superior migration resistance, 
having a long service life, and having little inner 
wiring delay. 

In accordance with the invention as stated in 75 
Claim 7, it is possible to conduct highly precise 
minute working by means of photolithographic 
techniques, and thus to achieve a reduction in the 
rate of incidence of deficiencies. 

20 

Claims 

1. A semiconductor device, characterized in that 
copper wiring having a wiring width of 1 um or 

less and a grain size 10 or more times the 25 
wiring width is employed in at least a portion 
thereof. 

2. A semiconductor device, characterized in that 
copper wiring having a wiring width of 0.5 um 30 
or less and a grain size 20 or more times the 
wiring width is employed in at least a portion 
thereof. 

3. A semiconductor device in accordance with 35 
one of Claims 1 and 2, characterized in that 
metal wiring is provided above said copper 
wiring, via at least one insulating film provided 

with a predetermined opening. 

40 

4. A semiconductor device in accordance with 
Claim 3, characterized in that said metal wiring 
is formed of copper. 

5. A semiconductor device in accordance with 45 
Claim 4, characterized in that said metal wiring 

has a wiring width of 1 um or less, and is 
formed from copper having a grain size 10 or 
more times said wiring width. 

50 

6. A semiconductor device in accordance with 
Claim 4, characterized in that said metal wiring 
has a wiring width of 0.5 um, and is formed 
from copper having a grain size 20 or more 
times said wiring width. 55 

7. A manufacturing method for semiconductor de- 
vices, characterized in comprising: 



a process for forming at least one insulat- 
ing film on a surface of a semiconductor sub- 
strate, 

a process for forming a thin copper film on 
said insulating film while irradiating a surface 
thereof with ions having a low energy within a 
range of 10-120 eV or more, 

a process for conducting heat treatment at 
a temperature of 1 80 • C or more. 

a process for applying a photosensitive 
material on said thin copper film, and 

a process for irradiating predetermined re- 
gions on said photosensitive material with ul- 
traviolet light. 
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